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Studies of maternally-inherited mitochondrial DNA have
provided evidence that all modern humans have a
common, 200,000 year old African ancestor. Recent
studies of Y chromosome variation support this view
and suggest that males and females have contributed
differentially to human genome variation.
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In their ‘African Eve’ hypothesis, Cann et al. [1] proposed
that all human mitochondria have a common African
ancestor within the last 200,000 years. The original study
[1], which was based on restriction maps of the entire
16,500 base mitochondrial genome, was corroborated by
another [2] in which a hypervariable portion of the non-
coding control region was sequenced from 135 diverse
humans, along with a chimpanzee for comparison. These
analyses produced phylogenetic trees with their deepest
roots in Africa, but showed little geographic patterning of
mitochondrial DNA types after the ancestral divergence.
Controversy immediately erupted over these results on
several fronts.
Many paleoanthropologists vehemently disagreed with the
implications of these genetic findings, for if the pattern of
mitochondrial DNA evolution represented that of the
species as a whole, then the multiregional model [3] of
modern human evolution must be wrong. This model
posits that modern humans arose in different regions of the
world from local populations that first migrated out of Africa
at least a million years ago [3]. Other paleoanthropologists
interpreted the fossil record as being wholly compatible
with the mitochondrial DNA results, seeing no clear
regional continuity between archaic and modern humans in
the different regions of the Old World [4], and contending
that all modern humans are more similar to each other than
to any archaic population. As the oldest anatomically
modern human fossils — just over 100,000 years old — are
found in Africa, a recent origin of modern humans, who
then migrated out of Africa replacing existing archaic popu-
lations throughout the Old World, seemed more likely [4].
Further disputes about the ‘African Eve’ hypothesis arose
when molecular systematists reanalyzed the mitochondrial
DNA data and found that the original phylogenetic analy-
ses did not find the best trees [5]. The early studies 
used the maximum parsimony technique, in which the
phylogenetic tree or trees that require the fewest muta-
tions are assumed to be the best explanation for a given
genetic data set. This procedure requires that all possible
combinations of relationships be examined to find the
one(s) that require the fewest evolutionary changes, a
herculean task when many individuals are being analyzed
(there are 8 x 10284 possible trees for the 135 DNA
sequences analyzed [2]). As exhaustive searches of all
possible trees for this many individuals were not possible,
heuristic or approximate algorithms were used. Various
research groups, using such searches and varying the para-
meters of the searching algorithms, quickly found millions
of more parsimonious trees, many of which had their
deepest roots outside Africa [5]. But another study using a
much smaller data set, from another more slowly evolving
region of the mitochondrial genome, supported an African
origin using an exhaustive search of all possible trees [6].
Two other approaches have been used to analyze the
mitochondrial DNA data that support an African origin for
modern human genetic diversity. Every mitochondrial
DNA study to date has clearly demonstrated that there is
far more nucleotide variation within Africa than in other
regions of the world. If selection is not acting upon the
mitochondrial genome, and mutation rates and population
sizes are roughly equivalent in different regions of the
world, this would imply a much longer population history
for Africa [7]. A similar pattern is found for an interesting
pair of tightly linked loci on chromosome 12. Here, an Alu
repeat element deleted in some human populations is
tightly linked to a microsatellite locus [8]. The Alu
element is present in apes, so its deletion is the derived
condition. Non-African populations only show a small
subset of the much greater variation in these linked loci
found within Africa, again suggesting an African origin for
modern human genetic variation.
Relatively recently, powerful tools for inferring population
histories and origin dates have been developed. These are
known as coalescence analyses [9,10], and follow on from
earlier analyses of the patterns of variation found in
human mitochondrial DNA [6]. In the coalescence
approach, one attempts to infer the most recent common
ancestor of a series of alleles by following the divergence
between any two alleles backwards until they ‘coalesce’
into their common ancestral form (see Figure 1a). The
same techniques, when used to analyze all of the alleles
present in a population, in conjunction with some
knowledge of mutation rates, can estimate the time of
population expansions (see Figure 1b–d). For example, an
analysis of the distribution of coalescent events for
mitochondrial DNA and a variety of independent loci
points again to an approximately 200,000 year old origin
for modern human genetic diversity [11]. If the story of
human mitochondrial evolution is beginning to become
clear, and is corroborated by data on a growing number of
autosomal loci, what does the paternally inherited Y
chromosome tell us? Three recent papers [13–15] on the
patterns of variation found within regions of the Y chromo-
some provide different threads that can be woven together
into a common story of human Y chromosome evolution.
In an earlier study, Hammer et al. [16] found five Y
chromosome haplotypes. Because of the greater diversity of
haplotypes in African populations, they inferred an African
origin for human Y chromosomal variation, though an Asian
origin for some of the haplotypes could not be ruled out. In
their more recent study, Hammer et al. [13] have found
more Y chromosome haplotypes, increasing the total to 10,
and sampled additional populations. The inferred ancestral
haplotype — estimated to be 150,000 years old — is limited
to African populations and so is most likely of African
origin. The most frequent haplotype found throughout the
world appeared approximately 110,000 years ago, com-
pletely replacing existing Eurasian Y chromosome haplo-
types (those of earlier archaic populations). One haplotype
arose in Asia approximately 33,000 years ago and subse-
quently flowed back into Africa, though not replacing all of
the older African haplotypes [13]. A portion of the huge
diversity of African haplotypes is thus of more recent Asian
origin, which confounded the earlier study [16].
Another feature of this study stands out. As is found in
other studies, there is strong geographic partitioning of Y
chromosome variation. Of the 10 haplotypes, only two
were found in all the regions examined, five were found
on only one continent, and two were found in Africa and
Europe [13]. Random permutation procedures [17] found
statistically significant support for this geographical struc-
turing. The observed pattern was inferred to be the result
of two different processes: restricted, recurrent gene flow
(as a result of isolation by distance) and intercontinental
range expansions [13]. This is in stark contrast to the mito-
chondrial DNA studies, in which little to no geographic
structure was evident, except perhaps for a recent expan-
sion within Europe [18]. One possible explanation for this
dichotomy would be that males are more likely to stay in a
local area most of the time but occasionally disperse over
long distances, whereas females undergo more or less con-
tinuous dispersal over mostly smaller distances.
Additional evidence for this view has come from two other
recent studies [14,15]. The recent typing of eight Y chro-
mosome microsatellite loci [15] revealed that they have
less than half the within-population variance of autosomal
or mitochondrial loci. Thus, as for the 10 haplotypes
studied by Hammer et al. [13], there is significant geo-
graphic clustering of Y chromosome variation. Another
proposed potential explanation for this, aside from the
aforementioned differences in patterns of male and female
dispersion, is male polygyny. With fewer males reproduc-
ing, reducing effective population sizes, genetic drift as a
result of isolation by distance will act more strongly, yield-
ing geographic partitioning of Y chromosomal variation.
Seielstad et al. [15] demonstrated, however, that even
polygyny more extreme than is typically seen in human
populations would have only a modest effect on the
R30 Current Biology, Vol 9 No 1
Figure 1
P
op
ul
at
io
n
si
ze

Time before present
Current Biology   
Site differences
0 t
0 t
0F
re
qu
en
cy
Present
Past
(a) (b) (c) (d)
(a) All mitochondrial DNA types eventually ‘coalesce’ into a single
common ancestor (black circle), who was not necessarily the only
female alive at that time, nor the first female to have that particular
type. Different colors represent different mitochondrial DNA types
arising through mutation, sometimes being passed on for a few
generations, and often going extinct (see [19]). (b) Evolutionary
history of a hypothetical population undergoing expansion. Colors
represent major lineages; black tick marks represent mutational
events. Note relatively few mutations can occur before the population
size expands because of the small number of lineages before
expansion (modified after [12]). (c) Frequency plot of the number of
substitutions between all pairs of individual sequences (circles).
Given that the number of mutations between any two sequences
correlates with the time since they diverged from their common
ancestor, the horizontal axis can be translated into time if the mutation
rate per unit time is known (see [12]). In this case, the data can be fit
by a solid line, which is the theoretical frequency distribution for a
population that underwent a major expansion at a specific time — t in
(d) — in the past; the highest point on the curve (the greatest
frequency) corresponds to the time of population expansion, the
period of maximal splitting and growth. (d) Population size as a
function of time before present, showing the rapid, several-fold
expansion at time t, the period of maximal lineage divergence; see (b)
and (c). (Modified from [12].)
partitioning of variance, leaving differential migration pat-
terns as the most likely source of differences between
mitochondrial DNA and Y chromosomal variation. 
This might seem counterintuitive given that males tend to
travel larger distances in exploration and warfare. Many
human societies, however, especially agricultural ones, are
patrilocal, with wives joining a husband’s household.
Under this condition, female gene flow, as revealed by
mitochondrial DNA, will be greater than that of males.
This would tend to result in less geographic structure and
more within-population variation for mitochondrial DNA,
in contrast to Y chromosome variation, which should show
more geographic structure, with a greater percentage of
the variation occurring between populations. Seielstad et
al. [15] went on to link the greater geographic mobility of
women to their social mobility, evidence of which is nicely
supplied by a third recent paper on mitochondrial and Y
chromosome variation in humans [14].
In a study of the genetic consequences of the Indian caste
system, Bamshad et al. [14] sequenced a hypervariable
region of the mitochondrial genome, and typed seven Y
chromosomes microsatellites and three single nucleotide
polymorphisms, for 250 individuals. Whereas most of the
182 mitochondrial DNA haplotypes were unique to
members of a single caste, four were shared among all the
castes, seven were shared between lower and middle
castes, three between the middle and upper castes, and
none between the lower and upper castes [14]. The
authors concluded that, for females, haplotype sharing is
limited by social rank, with limited gene flow between
closely ranked castes. Analysis of the Y chromosomal loci
revealed no correlation between genetic distances and
caste ranks. Y chromosome variation therefore is proposed
to be mainly due to mutation and drift, whereas mitochon-
drial variation is due to female gene flow between castes.
Given that females can marry males of higher rank and
their children take on their father’s caste, and males are
rarely able to marry females of higher rank, genetic data
are in accord with social and historical data.
These three papers, taken together, reveal a remarkably
consistent story of differences between male and female
patterns of human evolution, at least as revealed by sex-
specific loci. Both types of loci indicate a recent African
origin for modern humans, probably within the last
200,000 years. But male and female dispersal patterns,
which may have been affected by social systems, have
led to the differential partitioning of genetic variation
and geographic structuring of these sex-specific portions
of the genome.
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